the original record, the synthetic results may be an improvement over the origi nal record. Benson and Matalas (1967) explained another weakness of synthetic series and proposed a solution. Most models are based on actual records at a gaged location. Benson and Matalas (1967) used generalized statistical para meters estimated from physical and climatic characteristics of the drainage basins to provide data at ungaged loca tions. Diskin and Lane (1970) used essentially the same approach except the parameters of the individual fre quency distributions were related to drainage area only. The model para meters were related only to watershed area, because on subareas within the Walnut Gulch basin other characteristics are relatively homogeneous. However, most of the parameters were highly correlated with watershed area. There fore, the model can be adapted to ungaged watersheds with similar physi cal characteristics in similar climatic provinces.
Most synthetic runoff models are designed to fulfill specific uses such as the "annual peak discharges" procedure developed by Getty and McHughes (1962) . As a contrast, Chow and Kareliotis (1970) have formulated a comprehensive model which can be used to generate stochastic streamflows for the analysis of water resource systems. Their model, unlike the one evaluated here, involved both precipitation and runoff. The model in this paper is versatile in its uses. For example, be cause it generates all the runoff events in a year and in a sequence of several years, it can be used: (a) in water yield studies where drought sequences within and between years are important; and (b) in flood peak discharge conditions such as are required for bridge, culvert, and detention reservoir designs. Thus the single model can be used to satisfy design criteria in several alternative proj ects.
The model was tested on data from the Walnut Gulch Experimental Water shed in southeastern Arizona (Fig. 1 [1] where N is the number of events, S is the starting date, and B and C are posi tive constants. Therefore, for a late starting date, fewer events might occur. Two variables were necessary to de scribe the temporal position of runoff events: (a) time of day of the runoff event, and (b) interval between intermit tent events. The runoff volume and peak discharge for each event were the final variables used to characterize ephemeral runoff. Runoff volume and peak discharge were highly correlated (r = 0.95), and thus the peak discharge was generated from the runoff volume. The probability distributions assumed for these variables are shown in Table 1 . A normalizing logarithmic transforma tion was made on the runoff volumes. These log values are used within the model, and the inverse transformation is taken as the last step before the se quences of synthetic runoff data are •Variables defined in Table 1 .
tDays since beginning of the calendar year.
listed in the computer output. The Kolmogorov-Smirnov one-sample goodness-of-fit test was used as the objective method for choosing the dis tributions listed in Table 1 .
Using the model described above, generation of synthetic runoff data can be considered as two sequential opera tions. The first operation generates the starting date of the season, S, and the number of events in that season, N. The second operation generates beginning time and runoff volume for N individual events. Peak discharge is generated as a function of the volume. Finally, the length of the interval to the next event is specified. The process is continued until the season is complete and the specified number of years of data is produced.
To generate a random variable with a specified probability distribution, a uni form random variable, u, is equated to the cumulative distribution function F (x) and the inverse F1 (u) specifies a random variable x. In practice a random variable is produced by generating pseudo-random numbers using a random numbers generator on a computer and then transforming the values so that the desired probability distribution is ob tained. Fig. 2 is a flow chart of the data generation scheme used. The input para meters consist of the means and stan dard deviations of the necessary runoff variables shown in Table 1 . The inner sequence in Fig. 2 (Table 3) for all data sets, it seems reasonable to expect wider ranges in the longer synthetic sequences. Peak discharges and lengths of runoff season satisfy this hypothesis, but annual runoff volumes compare very closely with the observed data. The only serious differences in Table 3 of synthetic data was complete. That these differences were not discovered in the short (8 years) sequence used when developing the model as reported by Diskin and Lane (1970) is justification for generating long sequences of syn thetic data.
Determination of design discharge values for small drainage basins subject to thunderstorm rainfall is a primary concern of engineers and hydrologists. Renard, et al. (1970) tested several distributions for maximum annual dis charge on a semiarid rangeland water shed. The log-normal distribution was found to be an acceptable model for maximum annual discharge. Recurrence intervals for maximum annual discharge based on the three 50-year sets of synthetic data arc shown in Fig. 3 . The points plotted in Fig. 3 represent the actual data from the 36.7-sq-mile water shed, with two years having peak dis charges of less than 1,000 cfs. These points indicate visually the good cor respondence between the actual data and the theoretical straight-line (lognormal) distributions derived from the synthetic data. Differences in the mean and standard deviation shown in Table 3 are not apparent in this figure.
Sequential maximum annual peak discharge and annual runoff volumes from the actual and synthetic data arc shown in Significant progress has been made in developing a basin-wide model for ephemeral runoff. Further work will include extending the model to provide a regional stochastic model, allowing synthetic runoff generation for other ungaged basins where thunderstorm runoff predominates. Before a regional model could be developed, it was necessary to demonstrate that the model would gencrate reasonable data on gaged water sheds.
Another approach which might be investigated to improve the model was proposed by DeCoursey (1970) when he examined the problem of extrapolating probability distributions to produce ex treme values. This work involved a method of adjusting the distribution so that it conformed better with observed data. DeCoursey (1970) operated on a skewed random normal variate with a linear transformation which accomodatcd the upper end of the probability distribution. This approach, along with an effort to adjust to statistics of the short-term record to what might be expected for a long-term record when comparing watersheds with different re cord lengths, needs further investiga tion.
